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NOTICES

When Government drawings, specifications, or other data arc used for any
purpose other than in connection with a definitely related Goverun znt prrcure-
ment operation, the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Government may have
formulated, furnished, or in 2ny way suppliedthe szid drawings, specifications,
or other data, is not to e regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any patented invention
that rea; in any way be related thereto.

Qualified requesters may obtain copies of this report from the Armed
Services Technical Information Agency, (ASTIA), Arlington Hall Station,
Arlington 12, Virginia.

This report has becn released to the Office of Technical Services, U.S,
Department of Commerce, Washington 25, D.C., in stock quantities for sale
to the general public.

Copies of this report should not be returned to :he Aercnautical Sysiems
Division unless return i8 required by security considerations, contractual
obligations, or notice on a specific document,




The fimel Technical luunrt: Report coverisg sll wurk psrforwed
under Coatract No. A¥ 33(616)-6346 from 31 March 1959 to 3) Mared
1962 $s divided into four volumss, as follovws:

Yolums ] -~ Susmary of mscheaical and puys.cal property dats
collected, imoluding cresp and fatigue.

Volume 2a - Dotails of data collection program. Test
tachniques asd results for tensioca, eomprsssicn,
bearing, sheer, crippling, joizts, and physicai
properties.

Volume 2b - Test teehmiques sad results for creap and fetigwe,.
Volume 3 ~ Tables of data collected.

This work wes primarily conducied by the Struetursl Research De-
partawat, Enginsering Resesreh labaraicry +f lockheed-Georgia
Campany, a Division of _.ockheed Aircraft C.~poratios, The contrast
wvas initiated under Projest No. 7361, *Maierials Applicstice,®
Teask No. 738103, *Data Collection ead Correlatioca,® It was mon-
itored by tbe Matals and Ceremics laboratary, Directorate of
Matsrisle 524 Processes, Deputy for Techaology, Asrcasutiocal
Systess Divisisa, Wright-FPattersoa &ir Fores Base, Ohio, Captain
R. G, Henning and Mr. A, V. Brishane were t"s project aagiseers.

Lockheed -Georgia Company supsrvision wes provided dy M. D. 5. Cumro,
Strustural Raesearch Oepertmsit Ragiaeer,




ABSTRACY

Mechanical and physical property dato, necessary to fulfili the requirerents of Fhase i of
the Department of Defense Titanium Alloy Sheet Rolling Progrom, were obtained for selected
solution treated and oged titonium alloys in sheet form.

Four ailoys were investigoted: BI120VCA (Ti-13V-11Cr-3Al), Ti-6Al-4V, Ti-2.5Al-16V
and Ti-4Al-3NMc-1V, They were supplied by the producers in the haat treated condition
from three or more heats ond three thicknesses of each alloy. Static machanical property
data for tension, compression, bearing, shear and crippling; creep ond rupture data for
tersion, compression, bearing and shear; and axial-load fatigue dato were obiained at
roomn and elevated temperatures. Fastener and weld joint dato from -320°F to 80°F and
physical properties from -42C°F tc 1200°F were obtained.

Volume 1 summorizes mechanical and physical properties in o foem comsistent with ihose
given in MIL-HDBK-5. Experimental procedures and test results for static mechanical
properties and physical properties are reported in Volume 2a. Volume 2b contains pro-
cedures and results for creep and fatigue tests and Volume 3 is o tobular compilation of all
dato obtained in the progrom.

This technical documentory repost hos Leen reviewed and is aprroved.
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I = INTRODUCTION

in the mid 1950's, the Deportment of Deferse orgonized on integroted progrom to occelerate
the development of high shength titanium olioy sheet for use in the design of advonced aircroft
ond missile systems. This progrom, the Titonium Alloy Sheet Rolling Progrom, was coordinated
and odministered by the Bureau of Aeronoutics, Department of the Novy. The Materials
Advisory Boord of the Notionol Academy of Sdcmawuqlnﬁodbwhhoml o oct
in an advisory copocity to the Bureou of Aeronoutics, and did 1o with individuals selected from
rescarch organizations and acodemic institutions, from the titonium producing industry ond from
various oircraft comoanies. Lialson representatives were provided fo the Ponel by the vorious
governmentol agencies concarned with titonium olloy development. The first meeting of the
Materiols Advisory Boord Titonium Alloy Sheet Rolling Ponel was held on June 5 ond 6, 1956
in Washington, D. C. At this meeting o three phase program was outiined. Phases | ond iil
were concerned with manufocturing development ond malerial evaluation, respectively.

Phase 11, with which tha present work is concerned, waos defined as Design Dota Accumulation
and was directed toword the development of mechnnicol property dota applicoble to dasign
uses for the heat-ireated titanium alloys. The initiation of work on Phase !} was delayed in
order for manufacturing development to progress sufficiently fo astabiish comsistent processing
techniques which would moke sheet material, having uniform properties, available for testing.
Work commenced on Phase il of the DOD TASRP on 31 March 1959.

Generol

The progrom for collection of design data wmmarized in this report wasdivided intc four basic
phases as follows:

1. Phase |, "Static Properties” ~ room ond elevated
temperoture dota for short-time tersion, compremion,
hearing, shear and crippling; effect of long-time
temperature exposse on tersile propertics.

2. Phose 1, "Creep-Rupture Properties” - creep and rupture
properties for tersion ond beoring; creep prperties for

compression; ond ruplure properties for sheor.

3. Phose Ill, “Fotigue Prope;ties™ - axicl-lood tersion-
tersion and tersion—compression fotiguo dote of ruom
and el-vated temperatures for various strem rotios and
stress conceniration foctors.

4. Phase IV, "Physicol ond Joint Properties” - mecsursment
of spacific heat, thermol coefficient of exporsion and
thermo! conductivity from ~420°F 10 1200°F; strength dota
for mechanicol ond welded joints from ~320°F to BCPF.

Monuscript releos=d on Moy 30, 1962 for publication as -n ASD Technical Documentory
Report. .



Four titanium clloys, B120VCA(Ti-13V-11Cr-3A)), Ti-6Al-4V, Ti-2,5Al-16V and
Ti-4Ai=3Mo~1V, supplied by the producers in so’ution-treated and aged condition from DOD
stock wers evaluated. The maiericl wos from three nominal thicknesses and sevecal heats of
each alloy ond was specified to meet the requirements of quality, interstiticl limits and
strength established by the Mowriais Advisory Board. However, some of the required material
wos unavaiiable from producer's current supplies ond it was necessary ‘o subsritute early DOD
sheet, commercial shest ond reheat-irected sheet. For certain test conditios requiring
forming ond welding the moterial was received in the solution-treated conditicn ond wos
subsequently aged by Lockheed. The testing procedures employed in this progrom followed
the recommendations of tha MAB Subpane! on Uniform Procedures er Structuro! Design Loto
Collection. Members of this subpane! octed in o comulting copacity during the course of
date collection.

Volume 3
The final engineering repert is presented in four volumes. This volume presents o tabular

compilation of the data acquired as o result of the program for collection of design dota
for the four titanium olloys.




- SUMMARY

Mechanicc! ond physical property data ore tabulated for three thickneses ond several heots
of solution treated cnd oged BI20VCA, Ti-6AI-4V, Ti-2,.5A1-16V and Ti-4A[-3Mo~-1V. Ten
room-te mperature tests ond threo tests ot each of the specified elevated temperotures wero
conducted 1o obtain the tensile, compranive, beorirg, single sheor and double sheor dota
presented for each meterial vorioble. Tensils, compressive, beoring, single shear and double
sheor creep-rupture proparties were detecmined for all alloys excapt 8120VCA ond times 1o
reach various deformations ond rupture of numerous stres levels ore tabulated. The included
fatigus cola are the results of room and slevated temperature evaluationt ot two strex
concentrations ond three sirese roslos. Fastener joint, weld joint and tensile properties ore
presentod for one thickness of each alloy for a to 8J°F temperature ronge. Abwo
included are the results of therma! expansion moosurements over o temperature range of
~453°F to 120C°F and therma! conductivity meosuremenn from 300°F 1o 1200°F.

These dota are segregated herein according o type, thickness, grain direction ond tempercture
for each alloy ond averoge voluas ore presentes where procticable.

The followinn toble summarizes the progrom as fo fest types, test conditions, properties
determined, and the report voiume or volumes in which specific information may be found.
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TABLY III

TENSLE PROPERTIES FOR SOLUTION TREATED AND AGED

TITANIUM ALLOY SHEET

HEAT NUMBER— 26788
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TABLE IV

TENSILE PROPERTIES FOR SOLUTION TREATED AND AGED

TITANIUM ALLOY SHEEY

ALLOY— B120vCA
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TABLE XCVI

LONGITWODNAL, TINSHE REIP-AVPTIRE DATA FOR SOLUTICH TMEZATED AND AGKD SAL-4V
TITAIE ALLOT SEST, 0.06) DICH TRICE (REACTIVR PZTALS HEAY W0. 27039)

nistal Tine to Dadicetdd Mraime and Auptwre, s
Tost Tensile Leadiag
Sgoinme | Temp..| Rreee, Streta, 0.05 0.1 [ %4 0.5 1.0
PDunher e d 51 Porosns | Peceanl § Poreest § Neromt | Fertiat §} Rerosmt ¢ Regture
2o 2 500 135,000 - - - - - - ?
S SO0 4000 - - - - - - 1
-6 %0 4,000 . - - - - -~ {:
L4 500 «X0 2.60 - - 3.05 {?) - -
<51 s | 305000 La 8 | s © - - 1 -
<7 B 0 126,000 - - - - - - {3
=29 600 125,000 2.1a 2.3 0.70 5.8) 8.0 ;m -
<4 6 124,000 - - - - - - )
<t 600 123,000 1.0 - 0.5 215 3) - 22)
- & 122,000 308 - - - 330 %.5 2
<D 600 121,000 .2 - - 0.6 0.8 e -
L5 600 120,000 2.4 - > c.2l 5.0 S0 -
& 60 115,00 e ) . 0.1 B0 o - -
5 600 3,90 (L) 3.0 ¥5.5 b U - - -
) &M 85,00" (L) 6.30 {12 . - - -
20 &0 70,100 268 A1.5 ) - - - -
LY £00 65,100 0.13 - - - - -
<) 600 52,200 0.0 (2} - - - - -
R15-1 wn 126,90 - - - - - - Q@)
<3 W 125,00 - - - - - - (1) ‘
-1 100 172,000 - - - - - - e
17 100 120,007 LSk - - - - 0.06 L5
32 700 122,90 .3 - - - - 0.2k h.70
27 700 117,000 1.8 - - 0.2% 2.8k .. 1%
2k ™0 1,200 1.1 - 0,36 0.68 6.0 U8 o2
-3 00 9,800 (Y] - - 0.2k 5540 2%0 -
-3 10 8,100 0.57 1.5 193 15.% 1.0 e -
- 700 7707 0.5% 0.5% S400 3.0 - -
- 00 67,000 0.50 0450 2.31 10.4 - - -
<2 00 52,0 [ 18.8 80.0 35 - - -
-3} ™ 33,000 0,33 100 Ko - - - -
<36 00 19,200 0,20 0o - - . - -
w185 600 119,00 - - - - . - [V
10 80 117,000 - - - - - - (1)
-3h 0 XD (&) - - - - - Ceé2
EY ¥o 119,000 1.5 - - - 0.0% Oulh 2,60
- 630 100,720 1.5 - - 0.0k 0.26 95 1.0
‘-g &0 87,200 0,60 0.0) 0.08 0.25 1.38 ¢,80 102
80 2,700 0.0 - 0.0% X" 3.0 .y 7
< 800 2600 0.5h 0.h7 1.20 1R 12.2 R 608
L b 3 bh,100 025 0.LS 1.3 8.50 S8.5 x -
47 » 27,300 525 1.0 u2 (2) - -
A a0 18,100 0.2 .0 180 (2) - ~ -
~h 300 10,3 0,09 5.0 » - . - -
%0 &ao 6,080 (&} oo - - - - -
R0T-22 RO 170,20 1.33 - - - - Q.05 0.2
-3 20 1,00 0,% - - - [ X .3 0.1 1.50
25 %0 47,400 LX) [ 0,08 0.2 0.7k 1.%® .9
-3% i $T,000 0.1% X .08 0.18 0.7 .51 s1.3
48! w0 | sw | oa § oz ] ouw | oas | 228 | 660 i
u; Specline fatled durias appiiceiton of soad.
i? Inticsted slrsis o reptare 12 mst —cowr withia YOG hewrt - test tia-ntixwi,
3} Geeeabis strais cwrve bejend 0.5 stresa.
{4} Imitisl losdisg etrein 3es indvtermissle.
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TABLE XCVII

TRASYELSS TRISILE (AR -2UPTIRE DATA POR SOLNTION TRIATED MED AGRD MY
TIPS ALLOT BIRET, G,06) INCH TIOCK (REACTIVE METALS ASA? M. 27039)

ir

Iatsial i85 o Didieniad Nratns and Rwphwe, Nowe
b2 Tanstle Leadiag
fpssinm | Temp., Nrese, Rrais, 0.05 0.1 0.2 0.5 1.0
Db hed P faromt Peromst | Peteesd | Poreat | Poremt | Buptwe
M10h-18 600 16,000 - - - - - - (1)
23 600 141,000 - - - - - - 1)
-6 600 156,00 3.0 - - - [ LS )
3 600 155,00 - - - - - - {1)
-1 6oc 153,000 (2) - - - 0.1 2.9 .8
-2 600 152,000 2.18 - - an .5 n: 3}
RS-0 100 156,000 (2) - - - - 0.06 .M
47 7~ 15,000 %.19 - - - o o.”n 9.2%
-0 ™~ 152,000 2.20 - - 0.0) 0.2% L 15.2
&5 700 ,000 - - - - - - )
-+0 0 1A ,000 1.96 - - 0.57 35 1.8
< 700 140,000 1.0 - - 015 2.%) preE
3 T 122,000 0.9 - 0.12 (K- % wm ste
} 2 800 148,000 - - - - - 1)
3 800 10,000 2 .g - - - - 0.03 0.7
400 135,000 - - - 0.03 0.l 1.00
L J 800 125,00 - - 0.0k 0,18 0.52 5.09
<19 800 120,000 O.R - O.0h 0.3 o.6h 2.10 17.3
-15 e 112,000 1.0 - 0.0? c.09 Ob 1.50 18.)
- 800 108,000 0% .00 0.0 o 1.50 $.60 .6
22 00 $2,000 o0 0.18 6.0 1.0% 6,50 20.5 220
Spostamn failed &ring sppliostien of loed.
Iaitial leading sirein ves indetermisate.
dlaated strein o ruptwre €14 Mot Xewr withia 500 hewrs - Leel Asrentinwd.

193




i
€

TABLE XCVIII

CRESP-RUPTIRS DATA POR SCLUTION TREATED D A0 ALV

TITANIWN ALLOT SIRES, voo05 imai THICK (RBACTIVE METALS NSAT WO, 256T1)
p Lt Y Time to hdlosted Nraine and Raghure, Nowe
et Twneile Leading
= amg.,| Saees, Nrein, 0,08 0.1 a2 %1 1.0
e d 741 Taresnt | Premt | Prowd | Dresd Neoent | bughure
. S
wWeah-8 600 130,000 - - - - - -
o) 0 130,000 - - - - - -
£ 00 129,000 - - - - - .
g 60 129,000 - - - - - .
&0 Al .2 - - 0.08 s1.0 (2) 2
<8 &0 126,000 - - - - - -
:c €00 126,000 2,05 - 0.27 10.$ 0 (2) 2
600 125,000 255 - - 1,60 0.0 o 2
-5 [ ] 114,000 ) 0.16 140 o*.5 e itg
«12 [ 130,000 L5 8] 1.50 no 2
34 600 117,000 - - - . - -
3| o 100,000 0.62 0 | no | iso - - -
=% 60 89,500 ?) 3.5 1.0 b - - -
%5 60 +000 3) 3%.0 2 - - - -
55 [ ] 47,000 0¥ 120 60 - - - -
R}l & 5,000 0.2) | b0 - - - - - |
mass | o | o - - - . - - Q) i
3l = | e | : : : : : ié}
HELE I P Y
%} @ 125,000 8; - - - O.hh x.z 12,0
Qi mo 120,000 () - - 0015 1.0 5.00 0.2
-7 700 110,000 1.6 - 0,07 oy | 2.8 ®.0 “s
B] % 98,100 0.00 0.20 1.10 620 | S0 |10 .
z 00 € ,00n G.5) %R 1.80 15.5 us So0 -
00 75,000 o7 500 ».S i ) - -
] ™ 70,000 o2 1.10 7.60 | .0 - - -
4| 53,100 c.30 LY | 7 - - - -
47 o 2,000 0.1 6.0 30 - - - -
A | M0 2,900 oM ! us - - . - -
-3 LA 5,50 [$)] o - - - - ~
5% 0 034 @ - - - - -
Wob-h el 140,000 - - - - - -
<% [ 230,900 - - - - - - ;
) > 125,000 - - - - - -
-0 ©0 13,60 - - - - - - 1)
-4 [ 120,000 2,08 - - - - .09 ::g
-8 00 12,000 LA - - - o9 [ 8]
-3 0 205,000 0,90 - - .05 (%) 1.00 %%
- o0 90,000 o - 0,08 0.28 1.5 $.00 8.7
-a7 [ ] 5,000 [ %Y 0.30 0.28 on &5 12,6 o
- 00 9,50 0.58 0.19 o.M 5.0 S s -
30 &0 67,500 0.53 0.52 L0 [% . by .. -
221 & 000 125 3.30 2.0 | W00 1% -
<361 009 4000 0.38 0.50 1.0 .0 | 0 Jii? -
-3 0 A,000 2.10 S.6¢ 15.9 e oo -
<) 0 27,500 018 2.0 13.2 .0 o - -
<5 &0 13,300 (3) 38.0 16 [£3} - - -
z 800 9,400 $)) 109 - - - - -
[ 9,000 0.0 {12 ns - - - -
-4h 00 6,00 (3) 30t - - - - -
) Spestem failed during cppitestien of leod.
2; Indionted straia or rupture 2id net coswr withia 500 hewrs - test discemtismed.
3) Iitial leading strain ves iadetecninete.
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TITANTUM ALLOY SEEST, 0,063 1XCNH TNICX (ASACTIVE METALS MEAT 3O, 31372)
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Al specimeas were iakes in the longitudinal alrection from 0.063 in. sheet aad bave 0/d = 3
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approximaiely 1/8 hr, soahed at tamporaturs 1/8 b, then loaded

? Becring stress is equal 10 the load divided by the bearing ares, vhich (s the product of the thickness of 4w specimen

and the boaviag-isie diameter.

¢ Percent of boailag-hole diameter.

$ Rupture dats were et obtained.

¢ Evaluatioc diseentinnst bucsuse desired detum points could not be reached within ressonsble times.

S Syecimensd were heated 10 tost tsuperature ia

withix 8 min.

' Solution trested aev og 0d.
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